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Rezumat:

Predictia teoreticd std la baza cunoasterii
fundamentale si aplicarii corecte a unei tehnologii in
procesul de productie. Prezentul studiu foloseste o
ecuatie diferentiald pentru predictia timpului de transfer
termic dintre suprafata si miezul lemnului, cu
aplicabilitate in estimarea duratei tratamentelor termice
la temperature inalte. Predictia obtinutd a fost
comparata cu rezultatele unui studiu experimental
efectuat pe cherestea de plop chinezesc cu diverse
grosimi (20, 40 si 60 mm). A fost monitorizat timpul
nesesar penitru ca miezul lemnului s& atingad
temperaturi de 100°C, 130<C si respectiv 180 C, iar
valorile obtinute au fost comparate cu valorile din
predictia teoretica. Rezultatul acestei comparatii arata
cé valorile obtinute experimental au fost conforme cu
predictia teoretica si deci ecuatia de calcul propusa
constituie un instrument de predictie viabil.

Cuvinte cheie: tratament termic; lemn de plop; transfer
de caldura; predictie teoretica; verificare experimentala.

INTRODUCERE

Proprietatile superioare ale lemnului tratat termic la
temperaturi Tnalte, respectiv: durabilitatea biologica,
rezistenta la  variati  climaterice, stabilitatea
dimensionala, caracterul ecologic, au determinat
ulilizarea sa pe scara din ce in ce mai larga atat pentru
utilizari la interior, cat si la exterior, cum ar fi pentru

mobilier si decoratiuni interioare, scari de lemn,
amenajari in parcuri, saune etc. (Gu si Tu 2007, Wang
s.a. 2007).

Procesul tehnologic al tratamentului termic Ila

temperaturi Thalte al lemnului se deruleaza in trei etape
(Fig. 1):

e prima etapa este cea de uscare cu aer cald;

e a doua etapa este cea de tratare propriu-zisa;

e ultima etapa consta Tn procesul de racire si
reglare a umidit&tii lemnului.

In cadrul primei etape, cea de uscare cu aer cald,

Abstract:

Theoretical prediction provides basic
understanding and guidance to correctly implement a
certain technology in the production process. The
present study uses a differential equation to predict the
heat transfer time between the surface and core layer
of wood during the heat treatment, with applicability in
estimating the duration of heat treatments at high
temperatures. The obtained prediction was compared
with the result of an experimental study performed on
Chinese poplar wood with various thicknesses (20, 40
and 60mm). During this experiment, the time
necessary for the core of wood to reach a temperature
of 100C, 130 C and finally 180 C was monitored and
the recorded values were compared with the predicted
ones. The result of this comparison proved that the
experimental values matched the theoretically
predicted times, validating thus the applicability of the
proposed equation as prediction tool.

Key words: heat treatment; poplar wood; heat
transfer; theoretical prediction; experimental verification.

INTRODUCTION
The improved properties of wood treated at
high temperatures, such as: biological durability,

resistance to climate oscillations, dimensional stability,
as well as environmental protection, led to the
increasing employment of these wood products in both
indoor and outdoor uses, e.g. furniture, wooden
staircases, urban arrangements in parks, saunas etc.
(Gu and Tu 2007, Wang et al. 2007).

The technological process of high-
temperature heat treatment of wood takes place in
three steps (Fig.1):

e the first step is represented by warm
drying;

e the second step is the actual treatment;

e the last step consists in cooling and
moisture equilibration in wood.
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atat suprafata lemnului cét si straturile profunde ale
acestuia se incazesc uniform. Acest aspect are rol
decisiv in obtinerea unui tratament termic de calitate,
mai ales in ceea ce priveste lemnul cu o grosime
semnificativa. In cazul in care suprafata lemnului si
straturile profunde nu se fincalzesc uniform, produsul
obtinut va avea defecte. De asemenea, durata uscarii
afecteaza durata si calitatea tratamentului termic
propriu-zis. In cazul in care timpul de uscare este prea
scurt, tratamentul termic de la nivelul straturilor
profunde ale lemnului este insuficient, determinand
obtinerea unor produse de calitate inferioara. Daca
acest timp este prea lung, va genera un consum
nejustificat de energie (Li s.a. 2004).

Pana in prezent sunt foarte putine informatii cu
referire la timpul necesar din cadrul tratamentelor
termice la temperaturi inalte ale lemnului. Drept urmare,
autorii acestei lucrari si-au propus dezvoltarea unui
instrument teoretic de estimare suficient de precisa a
acestei durate. Avand la baza cunostintele teoretice
asupra procesului de incalzire cu aer cald a lemnului, s-
a dedus timpul necesar pentru transferul termic, intre
stratul superficial si miezul lemnului, pana cand intre
cele doua straturi se ajunge la faza de echilibru termic.
Rezultatele obtinute au fost ulterior comparate cu valori
experimentale pentru verificarea si validarea modelului
de calcul propus.

PRO LIGNO

www.proligno.ro

Vol.7 N°2 2011
pp- 13-20

During the first step, drying in hot air, both
the wood surface and the inner layers of wood are
heated evenly. This has an important role in obtaining
a qualitative heat treatment, especially when treating
wood of great thickness. If the wood surface and inner
layers are not uniformly heated, the final product is full
of defects. Moreover, the drying time also affects the
actual treatment time and quality. If the drying time is
too short, the thermal treatment of the inner layers of
wood is insufficient, thus leading to products of inferior
quality. On the contrary, if this time is too long, it leads
to energy waste (Li et al. 2004).

Currently, there is little information with
respect to the required time in high-temperature
thermal treatment of wood. Consequently, the authors
of this paper, proposed themselves to develop a
theoretical tool for estimating sufficiently accurate this
duration. Based on their theoretical knowledge on
wood heating processes, the authors inferred the
necessary time of the heat transfer between the
surface layer and the core layer of wood, until an
equilibrium phase is reached between the two layers.
The obtained results were compared with experimental
values, for verification and validation of the proposed
calculation model.

ThermoWood® process
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Fig. 1.

Diagrama procesului de tratare termica la temperaturi inalte a lemnului / Diagram of the technological
high-temperature heat treatment process (www.thermowood.fi)

CALCULUL TEORETIC AL TIMPULUI DE iNCALZIRE

In cadrul tratamentelor termice ale lemnului exista
transfer termic atét intre suprafata lemnului si mediul
care transmite caldura, cat si intre straturile interne ale
lemnului. Pe tot parcursul tratamentelor termice,
incepand cu etapa de incalzire si finalizind cu ultima
etapa, cea de racire, exista un transfer de caldura
permanent dar variabil. Ca atare, cunoasterea
distributiei si a modificarilor pe care le inregistreaza
campul termic in interiorul lemnului si mai ales pe
sectiunea transversald a acestuia, aduce un aport
decisiv in ameliorarea calitatii tratatamentelor termice si
in minimizarea consumului energetic.

In situatia in care transferul termic este variabil,
fiecare punct din interiorul lemnului nregistreaza o

THEORETICAL CALCULUS OF HEATING TIME

During thermal treatments of wood, a heat
transfer takes place between the wood surface and the
environment as well as between the inner layers.
There is a permanent but variable heat exchange
throughout the whole heat treatment duration, starting
with the heating stage and ending with the cooling
stage. Consequently, the knowledge of distribution and
changes that occur in the thermal field inside wood,
mainly in the cross section, would bring an important
contribution to the improvement of thermal treatments
quality and would minimise the energy consumption.

If the heat exchange is variable, every point inside
wood registers a thermal variation that may be
computed based on Fourier formula (Yang 1987):
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variatie a temperaturii care poate fi calculatd pe baza
ecuatiei lui Fourier (Yang 1987):

a A
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unde:

t este temperatura inregistrata intr-un punct arbitrar
din interiorul lemnului (definit prin coordonatele x, y, z)
la momentul de timp 7, in °C;

7 - timpul, in h;

A - conductivitatea termica a lemnului, in W/m-grd;

¢ - caldura specifica a lemnului, Tn kd/kg-grd;

p - densitatea (masa specifica) a lemnului, in kg/m3;

g, - cantitatea de energie termica produsa pe
unitatea de volum de lemn in unitatea de timp (in cazul
lemnului, care este un material ce nu prezinta o sursa
interna de caldura: g, = 0);

i - viteza de difuziune termica a lemnului, numita
cp
si difuzivitate termica si notatd cu a (4 = 4 m?h).
cp

Deoarece Tn cazul cherestelei, lungimea acesteia
depaseste cu mult grosimea si latimea, in derularea
experimentului s-a aplicat o solutie de rasina epoxidica
pe capetele pieselor, astfel incat variatia termica care
apare pe lungimea acestuia sa poata fi neglijata. In
acest mod s-a studiat doar transferul termic ce se
inregistreaza pe grosimea si latimea lemnului (transfer
termic bidirectional) (Gao 2008). Tindnd cont de aceste
considerente si de orientarea fibrelor in raport cu axele
(x-radial, y-tangential; z-in lungul fibrelor), temperatura
inregistrata in orice punct din interiorul lemnului la
momentul de timp 7 poate fi calculata cu relatia:

Jt 2%t

9°t
+— |t 4.
0z cp
where:

t is the temperature recorded in an arbitrary point
inside wood (defined by the coordinates x, y, z) at a
given time 7 ,in °C;

7 -time, in h;

A - thermal conductivity, in W/m -grd;

¢ - specific heat of wood, in kJ/kg-grd;

p — density of wood, in kg/m?;

g, - quantity of thermal energy produced per
volume unit in the time unit (in the case of wood, which
does not contain any heat source: q,=0);

i - thermal diffusion rate of wood, also called
cp
thermal

(a =2 grd-m¥h).

cp

diffusivity and wusually noted with a

Since in the case of the wood, the length exceeds
the thickness and the width, a particular solution was
adopted for the experiment; the ends of the test pieces
were covered with an epoxy sealing, so that the
thermal variation that usually appears in wood length
could be neglected. In this way only the thermal
transfer that appears over the thickness and width was
studied (a two-way heat transfer) (Gao 2008).
Considering all these and also the orientation of wood
fibres relative to the coordinate axes (x-radial; y-
tangential; z-along the grain), the temperature
recorded inside the timber at any point and at a given
time 7 will be:

2%t
+ a

07T

in care a, si a reprezinta difuzivitatea termica a lemnului
pe directie radialda si repectiv tangentiala. Deoarece
intre valorile a, si a; nu exista diferente semnificative se
accepta simplificarea a, = a; = a. Valoarea coeficientului
de difuzivitate termica (a) variaza in functie de
densitatea si umiditatea materialului lemnos.

Se cunosc conditile de la Tnceputul etapei de
incalzire: T = 0 si t = {,. Se considera ca la inceputul
etapei de incalzire temperatura este uniform repartizata
in interiorul lemnului. Dupa demararea procesului de
incalzire, temperatura suprafetei lemnului urca,
atingdnd Tn scurt timp valoarea t;, valoare foarte
apropiata de cea a mediului care transmite caldura.

Explicitdnd temperatura unui punct arbitrar din
interiorul lemnului din ecuatia lui Fourier rezulta o

=a
"ox?

FTE (@)

where a, and a; represent the thermal conductivity in
radial and tangential direction, respectively. Since
there are no significant differences between a, and a;,
one may consider that a, = a;= a. The value a varies as
function of wood density and moisture.

The initial conditions (in the early stage of
heating) are given: 7 =0 and ¢ = t,. It is considered that
at the beginning of the warming stage, the temperature
of each point inside wood is equal. After heating
begins, the surface temperature of wood at rises and it
will soon reach the value t;, which is very close to that
of the heating environment.

By expliciting the temperature of an arbitrary point
inside wood from Fourier's equation, the following
expression (infinite series) results:
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expresie sub forma unei serii infinite:

16

f:tl +(f0 _tl)?

in care:

b si h reprezintd latimea si respectiv grosimea
lemnului;

t - temperatura punctului arbitrar ales din interiorul
lemnului;

t;— temperatura mediului de tratare;

7 - timpul de Incalzire.

Ecuatia (3) permite determinarea teoretica a
temperaturii unui punct arbitrar din interiorul lemnului
dupa o durata de tratare datda. Cu cét se iau mai multi
termeni ai seriei Tn considerare, cu atat rezultatul este
mai precis.

Pornind de la ecuatia (2), exista si posibilitatea
rezolvarii problemei inverse, de calculare a timpului
necesar pentru ca un anumit punct sa atinga o
temperatura impusa, dupa relatia:

ln(t1 —1)+ 21n75—4ln2—ln(t1 —to)—lnsinT;—x—lnsin—
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where:
b and h are the width and the thickness of wood;
t - temperature of an arbitrary point inside wood;
t;- environment temperature;
7 - heating time.

Relation (3) allows the theoretical determination
of the temperature of an arbitrary point inside wood
after a given period of the treatment. The higher the
number of series terms taken into consideration, the
higher the result accuracy is.

Starting from equation (2), there also exists the
possibility to solve the inverse problem, respectively to
compute the necessary time needed by a certain point
to reach a given temperature, according to the relation:

ny
h

T =

_m_[

Ecuatia (4) reprezinta modelul de calcul propus de
autori pentru predictia teoretica a duratei de incalzire in
cazul tratarii termice la temperaturi inalte a lemnului.

DETERMINAREA EXPERIMENTALA A TIMPULUI DE
INCALZIRE

Material

Experimentele s-au efectuat cu lemn de plop
chinezesc (Populus tomentosa), originar din zona de la
periferia Beijingului, material uscat in aer liber.
Materialul a fost selectat pe baza cererilor reale din
productie (fara coloratii, fara noduri, fara atac de
ciuperci, fara fisuri sau alte defecte evidente).
Umiditatea si dimensiunile materialului utilizat in cadrul
experimentului se regasesc in Tabelul 1.

Echipament

Tratarea s-a efectuat intr-o etuva de tratare a
lemnului cu termostat, fabricata de catre autor, capabila
sa asigure temperaturi intre 25°C si 500°C in interiorul
lemnului, mediul de tratare fiind vaporii supraincalziti
(umiditate relativa ¢=100%). Instalatia a fost echipata si
cu un sistem de masurare a temperaturii cu trei senzori,
capabili sa masoare temperatura masurata in ftrei
puncte din interiorul lemnului simultan.

1 1
PR

(4)

Equation (4) represents the calculation tool
proposed by the authors to theoretically predict the
heating time of a high-temperature heat treatment.

EXPERIMENTAL DETERMINATION OF THE
HEATING TIME

The material

For this experiment, air-dry Poplar chinese wood
(Populus tomentosa), originally from Beijing area was
used. The material was selected according to the
actual production demands (with no discoloration, no
knots, no biological attack, no obvious cracks or other
defects). The moisture and the sizes of the material
used in the experiment are given in Table 1.

Equipment

The treatment was performed in an oven,
manufactured by the author, able to provide real
temperatures inside the test material between 25°C
and 500°C in superheated steam environment
(RH=100%). The installation was equipped also with a
measuring system of temperature with three sensors,
capable of simultaneous measuring of the real
temperature inside wood in three different points.
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Tabelul 1/Table 1

Caracteristicile materialului experimental / The characteristics of the material used in the experiment

Nr. Umiditate initiala / Dimensiuni / Bucati/Pcs.
Initial MC Dimensions
[%] [mm]

1 8.6 150x75x20 20

2 9.3 150x75x40 20

3 10.4 150x75x60 20
Metoda Method

1) Pregatirea materialului de testat a cuprins: 1) The preparation of the testing material

sigilarea lemnului la capete, gaurirea lemnului, | included: the sealing of the test pieces at both ends,

cantarirea si amplasarea celor 3 termometre.

Mai intéi s-a aplicat pe capetele lemnului o rasina
epoxidica. In continuare au fost forate 3 gauri pe cantul
lemnului, in lungul axului longitudinal central. Prima
gaura a fost pozitionata avand centrul la distanta de
1mm de suprafata lemnului, a doua gaura a avut centrul
localizat la 1/4 din grosimea materialului iar ultima
gaura a avut centrul amplasat in centrul materialului de
testat. Adancimea gaurilor a fost calculata la jumatate
din latimea materialului de testat. Dupa finalizarea celor
3 gauri, piesele au fost cantarite cu o balantd cu
precizie de 0,001g. Ulterior au fost introduse cele 3
termometre.

2) Tratarea termica: materialul de testat a fost
introdus in instalatia de tratare in mai multe sarje, pe
grosimi. S-a monitorizat timpul necesar pentru ca
centrul materialului lemnos sa ajunga la temperaturile
prestabilite (100°C, 130°C si respectiv 180°C). Cand
centrul epruvetelor a ajuns la temperatura de 180°C
experimentul s-a incheiat. Tot atunci s-a notat si timpul
total al tratamentului termic.

3) Analiza rezultatelor: valoarea calculata teoretic a
timpului de incalzire a fost comparatd cu valoarea
obtinutd Tn urma experimentului mai sus mentionat,
precum si cu valoarea empirica utilizatd pe larg in
procesul tehnologic din productie.

Pentru calculul teoretic al duratei de incalzire, pe
baza ecuatiei (4), s-a considerat valoarea coeficientului
de difuzivitate termica pentru lemnul de plop: a =
0,00041m?/h (Yi 1996, Siau 1989).

Valoarea empirica a timpului de incalzire, aplicata
in practica conform standardului in vigoare privind
uscarea artificiala a cherestelei (LY/T 2002), se
estimeaza Tn functie de grosimea materialului, conform
relatiei:

T (empiric) = 1,5d [h] (5)

unde d este grosimea materialului, in cm.

REZULTATE $I DISCUTII

In Tabelul 2 se regasesc valorile timpului de
incalzire, timp necesar pentru a se atinge temperatura
prevazuta Tn etapa de uscare din cadrul tratamentului
de tratare termica a lemnului de plop. Valorile au fost
monitorizate la diferite adancimi fatd de suprafata

drilling, weighing and placing of the three
thermometers into the wood.

First the wood ends were sealed with epoxy resin.
Three holes were drilled in the edges of the test
pieces, along their central axis. The first hole was
positioned with its centre at a distance of 1mm from the
surface, the second hole centre was located at 1/4 of
the wood thickness and the last hole had its centre
right in the centre of the test piece. The depth of the
holes was equal to the half width of the test material.
After drilling the three holes, the tested material was
weighed with a balance with a precision of 0.001g. In
the end, the three thermometers were placed into the
holes inside the test material.

2) The thermal treatment: the testing material was
placed in the oven in separate batches corresponding
to the material thickness. During the experiment, the
time required for the core of the pieces to reach the
foreseen temperatures (100°C, 130°C and 180°C
respectively) was monitored. When the core of the
sample reached the temperature of 180°C the
experiment ended. At this point the total time of the
heating treatment was also recorded.

3) Analysis of results: the theoretically computed
values of the heating time were compared with the
experimentally obtained ones, as well as with the
empirical values, widely used in the industrial
production process.

The theoretical calculus of the heating time was
performed according to equation (4), where the value
of the thermal conductivity of Chinese poplar wood was
considered a = 0.00041m?h (Yi 1996, Siau 1989).

The empirical value of the heating time, broadly
applied in practice according to the standard in force
for kiln-drying of timber (LY/T 2002), is estimated as
function of the material thickness, according to the
relation:

T (empirical) = 1,5d  [h] (5)
where: dis the material thickness, in cm.

RESULTS AND DISCUSSIONS

Table 2 displays the values of the heating time
which was necessary to achieve the temperature
foreseen for the drying stage within the thermal
treatment process performed on poplar wood. These
values were monitored at different depths inside wood,
for three different wood thicknesses.
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lemnului, pentru trei grosimi diferite de material lemnos.

In Fig. 2 este reprezentatd grafic evolutia
temperaturii Tn centrul pieselor de diferite grosimi. Pe
grafic sunt reprezentate doua curbe, corespunzatoare
rezultatelor obtinute experimental, comparativ cu cele
calculate pe baza relatiei (4).
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Fig. 2 describes the temperature evolution in the
core of the samples of different thicknesses. Two
curves are represented, corresponding to the values
obtained experimentally, comparatively to the ones
computed by means of equation (4).

Tabelul 2/ Table 2

Durata de incalzire a lemnului de plop la diferite temperaturi, in functie de grosimea lemnului si
adancimea considerata / Heating time of poplar wood at different temperatures, depending on wood
thickness and the considered depth

Temperatura/Temperature:

Grosimea

Imea , , 100°C 130°C 180°C
materialului Timp / Time La Vs din La ¥ din La vadin
/ Thickness [min] Centru ime / Centru ime / Centru ime /

i [ il Gesimel ) o
40 40 40
Centre thickness Centre thickness Centre thickness
Valoare teoretica/
20 Theoretical value 18,3 16.3 47,5 455 82,6 80.6
VaEloare.eXpe”me”ta'a/ 235 217 60 55.5 1043  99.9
xperimental value
yaloare learetcd’ go9 545 1584 1519 2755 269.0
40 Val eoretlca.vautelv/
aloare experimentala
Experimental value 70,4 58.3 165,8 158.6 301,6 296.1
Yrﬁloare.te?re“lca/ 1073 959 2790 2333 4852 393.8
60 Val eoretlca.vautelv/
aloare experimentala
Experimental value 115,4 108.3 288,5 247 1 520,9 4211
200
£ 180 | A 0mm L g 40mm
5 160} e 2
E 140 ik /‘f'J - 60mm
= 120 |
<100
; 60 L — — —  Valoareteoretica /Theoretical value
é 40 L —— Valoare experimentala /Experimental value
> 20 r
0 L 1 L L 1 1 'l 1 1 i L 1 1 J
0 60 120 180 240 300 360
Timp/Time (min)
Fig. 2.

Comparatia dintre valoarea obtinuta prin calcul teoretic si cea obtinuta experimental in ceea ce priveste
timpul de incalzire la nivelul centrului materialului lemnos / Comparison between the theoretically
computed and the experimentally obtained values of heating time at wood core level.

Din Tabelul 2 si Fig. 2 se poate deduce ca valorile
calculate teoretic si valorile determinate experimental
ale timpului necesar pentru ca centrul materialului sa
ajunga la temperatura stabilita sunt foarte apropiate.
Valorile raportului intre cele doua valori pentru cele trei
grosimi considerate ale materialului lemnos sunt foarte
mari: 0,95; 0,99; 0,98, ceea ce confirma validitatea

From Table 2 and Fig. 2, one can deduce that the
theoretically computed values of time necessary for the
centre of the material to reach the established
temperature, as well as the experimentally obtained
ones are very close. The ratio values between the
theoretical and the experimental time for the three
thicknesses considered are very high: 0.95, 0.99, and
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formulei teoretice de calcul.

Formula empirica nu este aplicabild proceselor de
tratare la temperaturi inalte sub 180°C. Prezentul studiu
demonstreaza, pentru cazul particular al celor trei
grosimi diferite de material lemnos, ca valoarea
empirica depaseste cu mult atét valoarea teoretica cét
si pe cea experimentala a timpului de incalzire (Fig. 3).
Cu alte cuvinte, daca se considera valoarea empirica a
timpului de incalzire drept reper in procesul tehnologic
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0.98, which proves the accuracy of the theoretical
formula.

The empirical formula however is not applicable
in high-temperature treatment processes. The present
study demonstrates particularly, for three different
thicknesses of wood, that the empirical value of the
heating time far exceeds both the theoretical value and
the experimental one (Fig. 3). In other words, should
the empirical value of the heating time be considered

atunci aceasta va genera importante pierderi | as reference value in the technological process,
energetice. significant energy losses will be generated.
B Valori teoretice/Computed values Valori teoretice/Computed values i i
100°C B Valori experimentale/Experimental values 130°C : Valori expe,ime,,,,,::,pe,imema. values 180°C :z:::: :‘::::,:Z:;r::/):::::::‘:,. values
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Fig. 3.
Diferenta intre valorile empirice fata de cele teoretice si experimentale ale duratei de incalzire a lemnului
de plop la diferite temperaturi / Empirical values compared to theoretical and experimental values of
heating time of poplar wood at different temperatures.

Prin acest experiment s-a descoperit de asemenea
ca in faza de inceput a etapei de incalzire viteza de
incalzire a materialului de testat este mai mare fata de
viteza de Tncalzire calculata teoretic. Ulterior, diferenta
se reduce, determindnd o diminuare a transferului
termic si ca atare o viteza de incalzire mai redusa. Cu
cat temperatura suprafetei se apropie de temperatura
mediului care transmite caldura, cu atéat viteza de
incalzire este mai mica. Materialul lemnos cu grosimi
de 20mm, 40mm si respectiv 60mm, necesita pentru a
atinge aceeasi temperatura un timp care se supune
urmatorului raport: 1:3:5.

CONCLUzZII

1) Valorile determinate teoretic si experimental ale
timpului de incalzire pentru lemnul de plop sunt
foarte apropiate, coeficientul de interdependenta
find de peste 0,95. Acest lucru demonstreaza
aplicabilitatea metodei de calcul teoretic a timpului
de incalzire. Prin punerea in practica a formulei de
calcul se poate estima mai precis timpul de
incalzire, acesta reducandu-se cu mai mult de
30%, fata de timpii aplicati curent in practica, cu
reducerea aferenta a consumului energetic, in
conditile prezervarii calitati materialului lemnos
supus tratamentului termic. De asemenea,
cunoscandu-se timpul de incalzire se poate estima
temperatura fiecarui punct din interiorul materialului
lemnos, controlandu-se variatia termica dintre
stratul superficial si cel intern la o valoare de sub
10°C, prin aceasta ameliorandu-se calitatea
tratamentului termic.

By this experiment it was also found that the
heating rate of the material during the first warming
stage is higher than the heating rate computed
theoretically. Subsequently, the thermal difference is
reduced, causing a decrease in heat transfer and
therefore a lower heating rate. As the heating rate
approaches the temperature of the heating
environment, the smaller it is. The timber with
thicknesses of 20mm, 40mm and 60mm, requires a
time that obeys the ratio 1:3:5 in order to reach the
same temperature.

CONCLUSIONS

1) The theoretical and experimental values of the
heating time are very close, the interdependence
coefficient being over 0.95. This demonstrates that
the theoretical calculation method of the heating
time finds its application. By putting into practice
this formula the heating time may be estimated,
reducing this time by 30 % compared to the
currently used times, a reduction being also
present in the energy consumption in terms of
preserving the quality of the timber subjected to
thermal treatment. Moreover, by knowing the
heating time, one may estimate the temperature of
any point inside the timber, thus controlling the
thermal variation between the superficial layer and
the inner layer at a value below 10°C, which helps
improving the quality of the heat treatment.
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2) Valoarea empirica a timpului de incalzire
depaseste atat valoarea teoretica cat si pe cea
experimentald a timpului de fincalzire, la toate
grosimile si toate temperaturile considerate. Din
acest motiv, se considera gresita adoptarea
aceastei metode de determinare a duratei de
incalzire in procesele de ftratare termica la
temperaturi fnalte, intrucdt aceasta va cauza
pierderi energetice semnificative.

Acest studiu se refera doar la lemn de plop uscat.
Valoarea teoretica a timpului de incalzire in ceea ce
priveste alt tip de material lemnos, cu alt procent de
umiditate, necesita studii individualizate.
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2) The empirical value exceeds both the theoretical
and experimental values of the heating time, for all
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For this reason, it is considered wrong to apply this
method in order to establish the heating time in
high-temperature treatment processes, because
significant energy losses will be engendered.

This study refers only to dry poplar wood. The
theoretical value of the heating time for any other
wooden species, with a different initial moisture
content, requires individualized research.
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